Radical carbonylation reactions are becoming a powerful tool for the introduction of carbon monoxide into organic molecules. 1 We have previously reported that free-radical mediated stannylcarbonylation of alkynes provides a useful entry to α,β-unsaturated acyl radicals, which are likely to exist in an equilibrium with α-ketenyl radicals.
2,3 Intra-and intermolecular trapping attempts of α,β-unsaturated acyl radicals/α-ketenyl radicals led us to postulate that ketenyl carbonyl has an electrophilic nature sufficient enough to allow for the attack of nitrogen nucleophiles, such as imines, oxazolines, and amines. 4 While stannylcarbonylation of amino-substituted alkynes gave lactams, we were curious at knowing if the stannylcarbonylation of hydroxy-substituted alkynes would give the corresponding lactones or not, since nucleophilicity of alcohols is not so strong as that of amines. We report herein the results of the free-radical mediated stannylcarbonylation reaction of 5-hydroxyalkynes, which gave cyclized carbonylated products, lactols, as principal carbonylated products. Interestingly recent work of Nishii, Tanabe, and coworkers reported that lactols can be formed by radical carbonylation of cyclopropyl radicals, through the trapping of intermediary acyl radicals by an internal hydroxyl group. 5 Choosing 4-pentyn-1-ol (1a), as a model compound, we examined AIBN-initiated stannylcarbonylation reaction. As shown in Scheme 1, the reaction gave cyclized carbonylated products, unsaturated lactone 3a and lactol 4a, whereas lactone 2a was formed in only a trace amount. The formation of lactol 4a presumably requires two equivalents of tributyltin hydride. In consistent with this, the reaction using 1.3 equiv of tributyltin hydride caused the shortage of tin hydride resulting in the recovery of 1a. With 3.1 equivalents of tin hydride, the yield of 4a increased up to 46%.
We also examined stannylcarbonylation of 3-butyn-1-ol (1b) and 5-hexyn-1-ol (1c). These results are shown in Scheme 2. † This paper is dedicated to Professor Sunggak Kim on the occasion of his honorable retirement.
In the case of 1b, a mixture of α-stannylmethyl lactone 2b, unsaturated lactone 3b, and lactol 4b was obtained. In the case of 1c, while the formation of 2c was suppressed as in the case of 1a, the hydroxy aldehyde 4c, a ring-opened form of a sevenmembered ring lactol, was formed.
In Table 1 , the results of the synthesis of six-membered ring lactols from 4-alkyn-1-ols, CO, and tributyltin hydride are shown. Similarly as in the case of 4a, lactols 4d, 4e, 4f, and 4g were prepared by the present tin hydride-based radical carbonylation. In Scheme 3, we proposed reaction pathways leading to lactones and lactols, having an example of 1a. The first key step may be trapping of an α-ketenyl radical by an internal hydroxy group to lead to a hydroxyallyl radical A. Then A would undergo 1,4-hydrogen shift, which leads to oxyallyl radical B. Probably the successive 1,4-Sn shift from C to O would take place to give stannyloxyallyl radical C. Hydrogen abstraction of C by tributyltin hydride followed by hydrostannylation would give bisstanylated lactol as a precursor for lactol 4a. 6 In this reaction, 2a was formed in only a trace amount. This might suggest that a proposed 1,4-Sn shift from B to C is a very rapid process. Our preliminary MO calculations predict that 1-oxyallyl radicals are thermodynamically more stable than oxaallyl radicals and this is in line with the proposed consecutive isomerization from A to C via B.
To our knowledge 1,4-Sn shift from C to O has yet to be known, 7 however, oxygen-philic 1,5-Sn shift have been originally reported by the Kim group in 1991 (Scheme 4).
8 It is also proposed by Tsai and coworkers that 1,3-Sn shift from C to O is involved in the cyclohexanol synthesis.
9
In conclusion, lactols are formed as principal products in the tin-hydride mediated radical carbonylations of hydroxysubstituted alkynes. We propose the reaction pathway involving intramolecular trapping of α-ketenyl radicals by a hydroxy group, followed by consecutive 1,4-H and 1,4-Sn shift. Further applications as well as probing the proposed reaction mechanisms are underway in our laboratory.
